FACS plots show the gating strategy for identifying CD34 + HSPCs targeted with a GFP reporter gene. The figure shows data from cord blood-derived CD34 + HSPCs that were electroporated two days after isolation with Cas9 RNP targeting the HBB locus. Immediately after electroporation, cells were transduced at an MOI of 50,000 using an AAV6 donor vector carrying a UbC-GFP expression cassette. Four days after electroporation and transduction, cells were stained for CD34 (and propidium iodide to identify live cells) and then analyzed on a FACS Aria (BD). Cells are identified in a forward/side scatter plot (FCS-A and SSC-A) and single cells discriminated from doublets using SSC-W/SSC-H and FSC-W/FSC-H plots. Live cells are discriminated based on propidium iodide, and in the final GFP/CD34 plot, the targeted GFP+CD34+ cells are identified. Cell frequencies within gates are shown. 
Supplementary Figure 2
Gating strategy to identify stem and progenitor subpopulations within the CD34 + cells.
Representative FACS plots are shown from the analysis of CD34 + cells freshly isolated from cord blood. Cells were stained for human lineage markers (CD2, CD3, CD4, CD8, CD16, CD19, CD20, CD56, CD235a, and CD14), as well as CD34, CD38, CD90, CD45RA, and CD123. The gating strategy identifies cells in a forward/side scatter plot (FCS-A and SSC-A) and then single cells are discriminated from doublets using SSC-W/SSC-H and FSC-W/FSC-H plots. Live cells are discriminated based on propidium iodide. Subpopulations are shown in red gates and identified as follows: HSCs (Lin- . HSCs: hematopoietic stem cells, MPPs: multipotent progenitors, LMPPs: lymphoid-primed multipotent progenitors, CMPs: common myeloid progenitors, GMPs: granulocytemacrophage progenitors, MEPs: megakaryocyte-erythrocyte progenitors.
1.
Identify 4-8 sgRNA target sites near the genomic locus of interest (preferably within 20bp of the intended genomic change) using the MIT CRISPR Designer website (crispr.mit.edu) and/or CRISPOR (http://crispor.tefor.net). The algorithms rank the sgRNAs and predict off-target sites. For a more thorough off-target analyses of highranked sgRNAs, we recommend using COSMID (https://crispr.bme.gatech.edu/).
2.
Design complementary sense and antisense oligonucleotides for each of the sgRNAs for cloning into the px330 plasmid (AddGene plasmid #42230). Design oligos with overhangs compatible to BbsI-digested px330 as depicted in Fig. 4c BstXI+XbaI (pAAV-GFP) or NotI (pAAV-MCS): 2x1µL or 1µL
Total: 30µL
Incubate for 2 hrs at 37°C.
4.
Run the PCR reactions and the digestion on a 1% agarose gel and purify excised gel fragments containing the appropriate DNA bands using the GeneJET Gel Extraction
Kit according to manufacturer's instructions.
5.
Measure the concentration of DNA in the gel-purified samples by UV absorption spectroscopy on a NanoDrop One and set up a Gibson assembly reaction according to manufacturer's recommendations. Add 950µL room-temperature SOC Outgrowth Medium and place the tube at 30°C for 1 hr while shaking horizontally at 250 rpm. Meanwhile, pre-warm a selection LB plate with 100µg/mL ampicillin to 30°C. After 1 hr, add and spread 100µL of the transformation mix on the plate and incubate overnight at 37°C.
7.
Use sterile pipette tips to inoculate 4-8 colonies into separate 14mL Falcon tubes containing 5mL LB media with 100µg/mL ampicillin. Incubate the culture in a shaking incubator at 37°C for 12-16 hrs at 200-250 rpm.
8.
Purify plasmids using the GeneJET Plasmid Miniprep Kit according to manufacturer's instructions. PAUSE POINT. The plasmids can be stored at 4°C for months or -20°C
for years.
9.
To identify correct plasmids, use a plasmid map to identify suitable restriction sites for RFLP analysis following the general digestion reaction presented in 3. Identify correct colonies by running the digestions on a 1% agarose gel and visualizing bands under UV light. Depending on the number of fragments in the Gibson assembly and the specific plasmid to be cloned, it may be necessary to screen more than eight colonies by RFLP analysis or by setting up a PCR screening approach to identify rare positive colonies. Note that both cloning orientations of the insert between the ITRs are expected to produce equivalent levels of functional AAV vectors.
10.
Sequence one or more of the correct plasmids identified in 9. Note that the ITRs are prone to recombination and deletions. However, due to their strong secondary structure they cannot be sequenced, but separate digestions with SmaI and AhdI restriction enzymes, which both cut within both ITRs, can confirm a gross ITR integrity analysis.
11.
Set up a midi culture of the correct colony and make a plasmid midi-prep of the culture using the NucleoBond Xtra Midi EF kit following manufacturer's guidelines.
Repeat 10 to validate integrity of the new plasmid prep.
Production of AAV by Iodixanol Gradient purification

12.
Expand HEK293T cells to a total of at least 110 million cells in DMEM containing 10% fetal bovine serum, 100mg/mL streptomycin, 100unit/mL penicillin and 2 mM L- 
17.
Centrifuge the lysate at 2,500 x g for 20 min at 4°C to pellet debris. Transfer supernatant to a 50mL conical tube and add PBS or AAV lysis buffer to a total of 14mL. PAUSE POINT. The crude virus can be stored at -80°C for weeks. Phenol red is added to the 25% and 58% solutions to aid visualization of the layers within the tube. Transfer the virus to a 15mL conical tube. CAUTION. Take care when handling needles and discard into sharps container without recapping needle.
23.
Equilibrate a 10kDa molecular weight cut-off dialysis cassettes in PBS for 5 min.
Then load the extracted virus into the dialysis cassette and place the cassette in a float buoy and dialyze overnight in 1L of PBS on a magnetic stirrer in a cold room. The next day, change the PBS and dialyze for another 2 hrs. Then change the PBS to PBS with 5% D-Sorbitol and dialyze for an additional 2 hours. Remove the dialyzed virus from the cassette using a 10mL syringe with an 18 gauge needle. The dialysis chamber may have swollen and the extracted volume can be up to 7mL. CAUTION. Take care when handling needles and discard into sharps container without recapping needle.
24.
Add Pluronic F-68 to a final concentration of 0.001% as a surfactant to prevent loss of vector particles due to plastic adhesion, aliquot into the desired number of tubes, and store at -80°C until use.
Titration of AAV donor vectors
25.
To make a standard curve for absolute quantification of viral vector genomes, set up a digestion of either pAAV-GFP or pAAV-MCS with PvuII similar to the reaction presented HSPCs to identify the lowest MOI that yields maximum HR frequencies and high viabilities. We typically find this to be around an MOI of 50,000-100,000 vg/cell.
Reagents
sgRNA cloning
T4 DNA Ligase Reaction Buffer (10X) (NEB, cat. no. B0202S)
